The conformation of saturated six-membered azacycles has been the subject of considerable interest, 3) since they exhibit different types of characteristic motion, such as pyramidal nitrogen inversion, ring inversion, and rotation around single bonds of the ring substituents. Several molecules containing a piperazine moiety have recently attracted attention from the viewpoint of organic reactions, 4) coordination chemistry 5) and medicinal chemistry. 6) Previously, we reported that protonation of the lithium enolate of 2-benzylcyclohexanone with (2R,5R)-diphenylpiperazine mono-hydrochloride (1 · HCl) resulted in the formation of the corresponding (S)-ketone with up to 70% ee. 4b) Most of the reactions were carried out under heterogeneous conditions. An important conclusion drawn from this study was that variation of a substituent on the nitrogen atom did not play a significant role in asymmetric protonation, while the piperazine ring itself did. Thus, elucidation of the crystal structure of the piperazinium salts is needed to understand the reaction mechanism. This paper describes the solid-state structure of (2R,5R)-diphenylpiperazinium salts.
and 2 exist in the chair conformation, while the corresponding dichlorides adopt a boat conformation, although each conformation is slightly distorted ( Table 1 ). The position of the ammonium proton in monohydrochlorides of 1 and 2 was determined by assuming that the chloride anion is located in the neighborhood of the positively charged nitrogen atom due to electrostatic interaction. The distances from Cl(1) to N(4) and N(1) are 3.154 and 4.407 Å for 1 · HCl and 3.082 and 4.482 Å for 2 · HCl, respectively. Another interesting feature of monohydrochlorides of 1 and 2 is that protonation occurs at the nitrogen atom next to the carbon bearing the axial phenyl substituent .
(2R,5R)-1,4-Di-neo-hexyl-2,5-diphenylpiperazine 3 and its hydrochloride salts, 3 · HCl and 3 · 2HCl, were prepared from 1. Solid-state 15 N-NMR spectra of 3, 3 · HCl, and 3 · 2HCl were measured by using the cross polarization magic angle spinning (CPMAS) method. 8) Two nitrogens of 3 were observed at d 28.9 and 24.4 ppm (Fig. 2a) . On the other hand, only one signal was detected for 3 · 2HCl at d 36.7 ppm (Fig.   2c ). These results indicate that the two nitrogen atoms of 3 were exposed to different environments, while the nitrogens of 3 · 2HCl were equivalent; i.e., 3 assumes a chair conformation while 3 · 2HCl exists as a boat conformer in the solid state, which is consistent with the crystal structures of 1 · 2HCl and 2 · 2HCl.
15 N signals of 3 · HCl appeared at d 37.8 for the protonated nitrogen atom and at 23.9 ppm for the free nitrogen atom (Fig. 2b) . Although it is difficult to determine the ring structure from the chemical shifts, we conjecture a chair conformation for 3 · HCl by analogy with 1 · HCl and 2 · HCl.
In conclusion, conformational studies of cis-2,5-diphenylpiperazinium salts revealed that the piperazine rings of mono-and dihydrochlorides adopt different conformations in the solid state; the former has a chair conformation, while the latter has a boat form. It is possible that monoprotonated cis-2,5-disubstituted piperazines generally exist in a chair conformation while diprotonated cis-2,5-disubstituted piperazines have a boat conformation, although more examples should be collected before we generalize the present conclusion.
Experimental
Melting points were measured on a Yanagimoto micro melting point apparatus and are uncorrected. Specific rotations were obtained at Horiba SEPA-200 polarimeter. (2R,5R)-1,4-Di-neo-hexyl-2,5-diphenylpiperazine (3) To a solution of 1 (0.96 g, 2.4 mmol) and NEt 3 (2.3 ml, 16 mmol) in CH 2 Cl 2 (20 ml) was added tert-butylacetylchloride (2.0 g, 15 mmol) dropwise at room temperature, and the mixture was stirred for 4 h. After addition of 1 N HCl, the mixture was extracted with AcOEt. The organic layer was washed successively with saturated K 2 CO 3 and brine, dried over MgSO 4 , and concentrated. Column chromatography of the residue on silica gel (hexane : AcOEtϭ1 : 2 w/w) gave the corresponding diamide (1.3 g, 75%) as white amorphous. To a suspension of the above amide (1.1 g, 2.5 mmol) and NaBH 4 (0.58 g, 15 mmol) in (THF) (30 ml) was slowly added BF 3 · OEt 2 (2.3 ml, 20 mmol) at 0-°C , and then refluxed for 2 h. After being cooled to room temperature, the mixture was carefully quenched by water (3 ml), and concentrated under reduced pressure. To the residue was added 15% HCl (12 ml), and the mixture was refluxed for 2 h. After the neutralization by 28% NH 4 OH, the reaction mixture was extracted with AcOEt, which was washed with brine, dried over Na 2 SO 4 , and concentrated. The resulting residue was purified by recrystallization from hexane to give 3 (0.98 g, 96%) as colorless plates. mp 64-66-°C ; December 2000 2015 Table 1 . Ring Torsion Angles (°) of 1 · HCl, 1 · 2HCl, 2 · HCl, and 2 · 2HCl 
